F oraminifers are single-celled, testate protists with a rich geologic record spanning at least 500 million years of Earth's most recent history. Their abundance, diversity, and diagnostic distribution patterns make them very useful to Earth scientists for purposes of relative age determination, correlation from one locality to another, and paleoenvironmental reconstructions. Benthic foraminifers occupy nearly every conceivable marine habitat ranging from coastal salt marshes and estuaries to marginal silled basins and deep-sea trenches. They range from pole to pole and are particularly diverse and abundant in shallow waters of the tropics. Planktic foraminifers have a shorter geologic history that begins Ϸ180 Ma in the late Early Jurassic. Traditional classification has assigned all of the planktic forms to a single suborder Globigerinina (1) . Such a classification scheme implies a monophyletic origin for the planktic foraminifers, although many specialists have long suspected a polyphyletic origin from benthic ancestors.
In a recent issue of PNAS, Darling et al. (2) provide compelling evidence to further support the polyphyletic hypothesis, while also demonstrating a very peculiar dual mode of life for one particular species of foraminifer. Here, for the first time, Darling et al. conclusively demonstrate that the benthic Bolivina variabilis and planktic Streptochilus globigerus are one and the same species. This taxon can actively grow in seafloor sediments of a continental shelf or in surface waters of the open ocean. The existence of such a tychopelagic mode of life in foraminifers provides a glimpse at a possible mechanism by which planktic lineages may have evolved multiple times from benthic ancestors since Jurassic time.
The Earth has experienced a dynamic history of global change during the Mesozoic and Cenozoic eras (past 200 million years). As the Supercontinent Pangaea broke apart, new ocean basins were created, oceanic gateways opened and others closed, new mountain belts formed, and the redistribution of land and sea altered global climate and heat dispersal around the planet. Plate tectonic activity, chemical weathering, ocean circulation, and metabolic processes of the biosphere have modulated atmospheric greenhouse gas concentrations, while orbital forcing has modulated incoming solar radiation. Importantly, global climate change has been both gradual and abrupt. During this time, foraminiferal evolution occurred in the context of global warming and cooling, growth and decay of continental ice sheets, fluctuating global sea level including the creation of vast epicontinental seas, and major events such as the Oceanic Anoxic Events (OAEs) of the Mesozoic, an eradefining bolide impact and mass extinction at the Cretaceous-Paleogene boundary (65.5 Ma), and the Paleocene-Eocene Thermal Maximum (PETM; 55 Ma). The well-known iterative pattern of planktic foraminiferal evolution (3) points to multiple turnovers in planktic foraminiferal communities with subsequent opportunities to invade and repopulate the pelagic realm (Fig. 1) .
Phytoplankton evolution accelerated during the Mesozoic as dinoflagellates, and coccolithophorids rose to dominate marine phytoplankton communities (4-6). Sea level rose during this time, peaking in the Late Cretaceous with the creation of vast epicontinental seas (7) . At times, low oxygen waters of the oxygen minimum zone (OMZ) shoaled into the neritic zone and spread into epicontinental seas during global OAEs (8) . This was also a time of 1 . Key diversification and turnover events in the evolution of planktic foraminifers during the Mesozoic and Cenozoic eras and planktic genera (bold) suspected to be closely related to benthic ancestors. These trends are compared with changes in global sea level (7) and other events affecting the ocean-climate system. FO, first occurrence; EECO, Early Eocene Climatic Optimum. Based in part on refs. 8, 11, 12, 15, 16, 19, and 22-24. diversification of deep-sea benthic foraminifers and the development of diagnostic ''depth'' assemblages along the continental margins, probably in response to changing oxygen levels and trophic resources (9, 10).
The outer continental shelf and upper slope lie at the transition from the blue water conditions of the open ocean to the brown or green water of the coasts and shelf seas (10) . Here, an ample food supply from riverine sources and a rain of organic matter from the sunlit surface waters provide an optimum environment for the benthos, including the biserial benthic foraminifer B. variabilis. This transition zone lies in an area of seasonally high biological productivity and shifting water masses. In addition, the thermocline, chlorophyll maximum zone, and OMZ may intersect outer neritic-upper bathyal benthic habitats. This part of the seafloor is particularly sensitive to sealevel change and OMZ intensification. Therefore, the dynamic interface near the shelf-slope break makes this environment a likely ''jumping off'' platform for benthics to spring into the planktic realm, as is apparently the case for B. variabilis/S. globigerus (2) .
The first planktic foraminiferal genus, Conoglobigerina, possesses a microperforate, aragonitic wall and was likely derived from an aragonitic benthic of the Family Duostominidae (11, 12) . Planktic foraminifers of the Jurassic occupied shallow seas and hugged the margins of Tethys (12) (13) (14) . They expanded their range in the Early Cretaceous (15), but then experienced an explosion of diversity and morphologic form during the mid-Cretaceous that continued through the Late Cretaceous (e.g., refs. 8, 13, and 16). Planktic foraminiferal diversity generally parallels global sea-level fluctuations of the Mesozoic-Cenozoic. Expanded shelf areas and shallow epicontinental seas during times of high global sea level provided increased opportunities for neritic and upper bathyal benthic foraminifers to gain access to the pelagic realm. OAEs of the Jurassic and Cretaceous may also have been important contributing factors in some benthic foraminifera evolving a planktic mode of life. Hart et al. (12) suggested that the evolution of the earliest planktic foraminifers during the late Early Jurassic may have been related to the development of an OAE in the Toarcian.
The foray into the pelagic realm by benthic foraminifers is likely to have occurred a number of times over the past 180 Myr (Fig. 1) . The genus Heterohelix is a good example. The late AlbianCenomanian Heterohelix flourished along productive continental margins and in the expanding shallow waters of epicontinental seas (17) (18) (19) . This genus and its descendents diversified rapidly in the later Cretaceous to become dominant and widespread in open ocean planktic foraminiferal assemblages as evidenced by the high diversity of morphologic form and sizes, and great abundances in deep-sea pelagic sections (20, 21) .
The ancestry of a number of planktic foraminiferal lineages remains a mystery. For example, the iterative origin of Mesozoic-Cenozoic planktic taxa with a microperforate wall structure is poorly known, including the mid to late Cretaceous Guembelitria, MaastrichtianPaleocene Zeauvigerina, Eocene Cassigerinella, Tenuitella, and Antarcticella lineages, and the modern triserial Gallitellia vivans (19, (22) (23) (24) ; all may have had benthic ancestors. Guembelitria survived the end-Cretaceous mass extinction and gave rise to several microperforate genera during the Paleocene (25) . One group that may be similar to Bolivina/ Streptochilus, described by Darling et al. (2) , is Zeauvigerina, another survivor of the Cretaceous-Paleogene boundary. These taxa also resemble benthic taxa, but they have stable isotopic values that are equivocal regarding a benthic or planktic mode of life (23) .
A repetitive pattern is emerging: multiple invasions of the plankton by a number of different benthics, typically during times of high global sea level and perhaps initiated by a dynamic food supply or oxygen stress in the benthos or extinction in the plankton. Many of these unusual planktics existed in epicontinental seas or had restricted geographic distributions along continental margins, such as Bifarina, Tenuitella insolita, Rectoguembelina, Zeauvigerina, and Antarcticella. Others like Heterohelix (and their descendents), Guembelitria, Tenuitella, Cassigerinella chipolensis, Streptochilus, and Gallitellia became very successful in the pelagic realm, with some more common and distributed more widely than others. Fluctuating sea level and changing conditions of the OMZ are two of many factors that may have provided opportunities for benthic foraminifers to make the leap into the plankton. Changing phytoplankton community structure of the upper water column, including the diversification and rise in dominance of dinoflagellates and coccolithophorids during the Mesozoic Era, and diatoms during the Cenozoic (4-6), may have also facilitated planktic foraminiferal evolution by stimulating experimental forays into the photic zone of the upper water column.
